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Compliance in Anastomoses With and Without Vein Cuff Interposition
D. Piorko, P. Knez, K. Nelson and T. Schmitz-Rixen∗
Department of Vascular and Endovascular Surgery, Johann Wolfgang Goethe University, Frankfurt am Main,
Germany
Objective: to compare anastomotic compliance in end-to-side anastomoses with and without vein cuff interposition.
Materials: polytetrafluoroethylene graft to bovine carotid artery without (standard) and with vein interposition (Linton-
patch and Miller-cuff).
Methods: zonewise compliance measurement of end-to-side anastomoses in an in-vitro circulation system. The zone
most distal to the suture-line served as reference compliance.
Results: directly distal to the suture-line the compliance of the Linton-patch (5.6±1.6%/100 mmHg) and Miller-cuff
anastomosis (5.2±1.1%/100 mmHg) more closely approached reference compliance (standard: 5.0±1.2, Linton-patch:
4.5±1.5, Miller-cuff: 4.9±1.0%/100 mmHg) than that of the standard anastomosis (7.9±3.0%/100 mmHg). The maximal
compliance values of the Linton-patch (9.5±2.3%/100 mmHg) and Miller-cuff anastomoses (9.8±2.7%/100 mmHg) were
significantly higher than that of the standard end-to-side anastomosis (7.9±3.0%/100 mmHg). However, maximal
compliance was shifted from the zone directly distal to the suture line in the standard end-to-side anastomosis, to the
vein cuff interposition in the Linton-patch and Miller-cuff anastomoses.
Conclusion: the shift in maximal compliance to the wider portion of the anastomosis in the Miller-cuff and Linton-patch
anastomoses may obviate reocclusion.
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Introduction cell proliferation5,6 and matrix deposition7 in cell cul-
tures. Such mechanisms may cause significant stenosis
in smaller sized arteries.The use of alloplastic material in bypass surgery with
In end-to-end anastomoses suturing material, an-the distal anastomosis above the knee results in good
astomotic technique and graft material have all beenpatency rates, whereas patency when employing the
shown to influence the degree of paraanastomoticsame materials in vessels below the knee is con-
hypercompliance.8–11 Darling has shown that the pat-siderably worse.1 The most common cause of medium-
ency rate of femoropopliteal bypasses could be im-term occlusion is neointimal hyperplasia. It occurs
proved by interposing a distal vein segment in PTFEduring reparative processes at the anastomotic site
grafts.12 Subsequent experimental and clinical studiesand may achieve proportions sufficient to occlude a
have verified that the presence and type of vein in-small vessel but leave a larger vessel still patent. One
terposition can bring further improvement in bio-factor which has been shown to exert a proliferative
mechanical properties and in patency rates.13,14 Ainfluence on subintimal tissue, particularly in end-to-
multicentre randomised prospective study has shownside anastomoses, is compliance mismatch,2 generally
that cuffed, compared to uncuffed, femoral below-unavoidable after anastomotic procedures.3
knee popliteal artery PTFE bypass grafts positivelyPara-anastomotic hypercompliance, which has been
influence patency rates.15 The same results have beenobserved directly at the anastomotic site in end-to-end
reported in a clinical study comparing the patencyanastomoses, compounds the problem of compliance
rates of femoropopliteal and infrapopliteal bypassesmismatch.4 Here, compliance may increase by 50%
with and without vein cuff.16 Another study has dem-before and after the suture line,4 leading to enhanced
onstrated that a decrease in compliance mismatch atstretch, which has been shown to cause smooth muscle
the distal anastomosis prepared with an adjunctive
technique combining an arteriovenous fistula with
∗ Please address all correspondence to: T. Schmitz-Rixen, De-
vein interposition improves infrapopliteal prostheticpartment of Vascular Surgery, University of Frankfurt, Theodor-
Stern-Kai 7, 60590 Frankfurt am Main, Germany. bypass patency.17 Considerable improvement in the
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pain-free quality of life in older patients is achievable
with successful bypass surgery using PTFE with a
vein cuff to a tibial artery.18 These studies show that
appropriate modification of anastomotic techniques
leads to improved patency.
The object of this study was to evaluate whether
vein cuff interposition (Linton patch19 and Miller cuff20)
alters the compliance of areas prone to hyperplasia in
end-to-side anastomoses.
Materials and Methods Fig. 1. Pressure curve of artificial circulation system.
Vessels
Internal carotid arteries with an outer diameter of
8–10 mm and no more than 2 branching vessels over
a length of 10 cm, and internal jugular veins were
obtained from freshly slaughtered calves. The vessels,
generously surrounded by fat and connective tissue,
were transported at 4 °C, to reduce postmortal de-
generation and contraction of vessels, to the laboratory
(approximately 30 min). There the vessels were freed
of surrounding tissue. Branching vessels were ligated
Fig. 2. Compliance profile of standard end-to-side anastomosis. Pwith Prolene 4-0 (Ethicon Norderstedt, Germany), (ptfe graft), A (artery), S (suture line), n=5. Stippled areas show
and the anastomoses prepared at room temperature. where subintimal hyperplasia develops.23
arrested lateral movement of the anastomosed arteries
and stretched them to their approximate in situ length.
Anastomoses Physiological haemodynamic parameters, including
a mean systemic pressure of 80 mmHg, a pressure
Three types of end-to-side anastomoses consisting of amplitude of 50 mmHg and a pump pulse rate of
6 mm regular wall thickness polytetrafluoroethylene 70 min−1, were set. The system was driven by a bellows
(PTFE) graft (GORE-TEX; W. L. Gore and Associates; pump mimicking the pressure curve of the human
Flagstaff, Arizona, U.S.A.), bovine artery and bovine superficial femoral artery (Fig. 1). Intraluminal pres-
jugular vein for vein interposition were prepared: sure was measured with a pressure transducer (Sta-
tham P-23 ID, Gould, Cleveland, Ohio, USA) placed(1) standard end-to-side, without vein interposition;
directly before the mounting flanges where initial(2) end-to-side with Linton-patch interposition;
measurements had shown no pressure difference(3) end-to-side with Miller-cuff interposition.
within this part of the circulation system and the
Continuous everted suturing, including all vessel anastomosis.The medium in the circulation system
layers, was performed with polypropylene sutures was 0.9% NaCl.
(Prolene, 6-0 double armed CC1 needles; Ethicon
Norderstedt, Germany).
Compliance measurement
Dynamic compliance was measured at room tem-Artificial circulation system
perature 4–10 h after vessel harvest. The systolic-dia-
stolic diameter difference in a 4.8 cm-long region ofThe anastomosed graft-bovine arteries, with and with-
out vein interposition, were mounted in an artificial the anastomosed graft-vessel was documented with a
CAMSYS high speed camera system at 125 frames/scirculation system9,11,21 with a longitudinal force of 3
Newtons exerted on the arterial ends. Preliminary (Fraunhofer Institute for Integrated Circuits, Erlangen,
Germany). The coefficient of variance of complianceexperiments had shown that this amount of force
Eur J Vasc Endovasc Surg Vol 21, May 2001
Compliance With and Without Vein Cuff Interposition 463
Fig. 3. Compliance profile of Linton-patch anastomosis. P (PTFE
graft), A (artery), VP (vein patch), n=5. Stippled areas show where Fig. 5. Comparison of distal compliance in standard, Linton-patch
subintimal hyperplasia develops.23 and Miller-cuff anastomoses. (Χ) Standard, (Ε) Linton patch, (Μ)
Miller cuff, n=5.
where D is the difference between maximal and
minimal diameter, P is the difference between max-
imal and minimal pressure and D is diastolic diameter.
Compliance mismatch is defined as a difference in the
dynamically measured circumferential compliance. It
is used to describe both graft-artery differences and
local differences within the anastomotic zone.
Stippling in figuresFig. 4. Compliance profile of Miller-cuff anastomosis. P (PTFE graft),
A (artery), S (suture line), VC (vein cuff), n=5. Stippled areas show
where subintimal hyperplasia develops (authors’ own experience). To point out where neointimal hyperplasia tends to
develop in different anastomotic configurations,
stippled areas have been added to the sketches of themeasurements directly following each other was ap-
anastomoses in Figures 2 and 3 according to Sottiurai.23proximately 3%. The viewing angle was perpendicular
The stippling in Figure 4 is based on experience of theto the anastomosed graft and the direction of flow
present investigators.(Figs 2–4). To evaluate compliance, the anastomoses
were divided into zones. Common to all anastomoses
were three zones along the suture line (N1, N2, N3)
and four postanastomotic zones (A1, A2, A3, A4) (see
Statistical analysisX-axis, Fig. 2). Two additional zones were assigned to
the Linton-patch anastomosis along the vein-artery
Data are expressed as mean and one standard de-suture line (L1, L2) (see X-axis, Fig. 3). The Miller-cuff
viation. Significance of the variance analysis (ANOVA)anastomosis was assigned one additional zone (M1)
was determined with the post-hoc-test according to(see X-axis, Fig. 4). For each anastomosis a total of 24
Bonferroni which corrects for the multiple use of apaired maximal and minimal values corresponding to
single control group.24 p<0.05 was considered to besystole and diastole were analysed with the program
significant. To compare the degree of compliance mis-‘‘Analyze’’ (Fraunhofer Institute for Integrated Cir-
match within the anastomotic configuration as exactlycuits, Erlangen, Germany). The distance between each
as possible, compliance was compared zonewise to apair was approximately 2 mm. The diameter difference
respective stable reference zone (A4), remote to theand the pressure difference between systolic and dia-
anastomosis (X-axis, Figs 2–4). However, since no sig-stolic pressure entered into the following calculation
nificant differences (p=0.26) between the referencefor compliance22:
compliance in all three anastomotic configurations
could be detected (Fig. 5, zone A4), the compliance
Cplcirc=
D
P·D %100 mmHg values from different configurations were also com-pared.
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Table 1. Graft, anastomotic and arterial compliance (%/100 mmHg).
Graft compliance Maximal compliance Maximal post suture-line Arterial reference
compliance compliance
Standard end-to-side 1.2±0.6 7.9±3.0 7.9±3.0 5.0±1.2
(p<0.001) (p<0.001) (p<0.001)
Linton-patch 1.4±0.5 9.5±2.3 5.6±1.6 4.5±1.5
(p<0.001) (p<0.001) (p=0.002)
Miller-cuff 1.3±0.6 9.8±2.7 5.5±1.7 4.9±1.0
(p<0.001) (p<0.001) (p<0.09)
Means±SD, p: compared to reference compliance, n=5.
Results the Miller cuff and Linton patch (p=0.64). The com-
pliance peak was located distal to the suture line
Significant graft-artery compliance mismatch was ap- in zone A1 of the standard end-to-side anastomosis,
whereas it was proximally shifted to zone L1 in theparent in all three of the anastomotic configurations
employed in this study (p<0.001) (see Table 1). Linton-patch and to zone M1 in the Miller-cuff ana-
stomoses (Figs 2–4).The compliance profile of a standard end-to-side
anastomosis superimposed on designated zones is When comparing the compliance profiles in the post
suture-line zones of the standard end-to-side, Linton-shown in Figure 2. The compliance in the zones along
the suture line (N1: 2.1±0.5, N2: 3.0±1.1, N3: patch and Miller-cuff anastomoses (Fig. 5), the com-
pliance of the Linton-patch (A1: 5.6±1.6, A2: 4.6±1.0,2.3±0.8%/100 mmHg) was significantly lower than
that of the reference zone A4 (5.0±1.2%/100 mmHg) A3: 5.0±1.3%/100 mmHg) and Miller-cuff ana-
stomoses (A1: 5.2±1.1, A2: 5.5±1.7, A3: 5.2±1.3%/(p<0.001 in all three cases). Compliance distal to the
suture line (A1: 7.9±3.0, A2: 6.7±2.5) was significantly 100 mmHg) more closely approached their respective
reference compliance in zone A4 (4.5±1.5 andabove that of the reference zone A4 (p<0.001).
The compliance profile of the Linton-patch ana- 4.9±1.0%/100 mmHg) than did that of the standard
end-to-side anastomosis (A1: 7.9±3.0, A2: 6.7±2.5,stomosis is shown in Figure 3. The compliance along
the suture-line (N1: 2.2±0.7, N2: 2.6±1.2, N3: A3: 5.3±1.5%/100 mmHg) compared to its reference
compliance of 5.0±1.2%/100 mmHg.3.0±1.2%/100 mmHg) was significantly lower than
that in the reference zone (A4: 4.5±1.5 %/100 mmHg)
(p<0.001 in all three cases). In the Miller-cuff ana-
stomosis (Fig. 4) the compliance along the first two
zones of the suture-line (N1: 3.0±0.9, N2: 3.2±1.6%/ Discussion
100 mmHg) was significantly lower than in the ref-
erence zone (A4: 4.9±1.0%/100 mmHg) (p<0.001 in The present study shows that a hypercompliant zone
occurs in end-to-side anastomoses, just as in end-to-both cases), whereas the compliance in zone N3
(4.3±1.3%/100 mmHg) was not significantly different end anastomoses. Elevated wall strain char-
acteristically arises at sites of hypercompliance.4,25from that of the reference zone (4.9±1.0%/100 mmHg)
(p=0.1). The compliance in the zone directly distal Mechanical stress, associated with wall strain, has
been shown to lead to vascular smooth muscle cellto the suture-line (A1: 5.6±1.6%/100 mmHg) of the
Linton-patch anastomosis was significantly higher (p= proliferation5,6 and enhanced matrix protein pro-
duction.7 Other studies report that local flow stag-0.002) than that of the reference zone (A4: 4.5±1.5%/
100 mmHg), whereas in the Miller-cuff anastomosis nation,26 a reduction in graft wall elasticity27 or elevated
suture-line stress3 may be accountable for intimal hy-the compliance in this zone (A1: 5.2±1.1%/
100 mmHg) was not significantly different from that perplasia. All these disturbances are coupled to ab-
normal wall strain. Thus, modifying the anastomosisin the reference zone (A4:4.9±1.0%/100 mmHg)
(p=0.2). to achieve a homogeneous compliance profile with the
goal of minimising intimal hyperplasia is warranted.The maximal compliance of the standard end-to-
side anastomosis (A1: 7.9±3.0%/100 mmHg) was sig- Improved patency rates have been reported when
employing a distal interposition vein cuff in PTFEnificantly lower than that of the Linton-patch (L1:
9.5±2.3%/100 mmHg) (p<0.05) or Miller-cuff ana- bypass of the lower extremity.15,16 Da Silva et al. propose
that stable flow vortices within vein cuffs inhibit an-stomoses (M1: 9.8±2.7) (p<0.005). There was no sig-
nificant difference in the maximal compliance between astomotic myointimal hyperplasia, thereby improving
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patency.28 Wijesinghe et al. suggest that the reduced mind, a significantly lower maximal compliance of the
standard end-to-side anastomosis, compared to theimpedance index of a Miller cuff may account for the
better patency.29 Suggs et al. attribute the inhibition of Linton-patch and Miller-cuff anastomoses, was ob-
served. When comparing Figures 2, 3 and 4 it issmooth muscle cell proliferation by vein cuff in-
terposition to wider distribution of kinetic energy (less apparent that the maximal hypercompliant zone in
the standard end-to-side anastomosis is distal to thecompliance mismatch).30 Redistributing shear stress,
either with a vein cuff31 or with external support,32 has suture line, whereas in the anastomotic configurations
with vein interposition maximal hypercompliance isbeen beneficial in decreasing intimal hyperplasia and
increasing patency. Compensatory vessel wall re- proximally shifted to the portion of the anastomosis
containing the vein interposition. Here, the vesselmodelling which results in increased luminal diameter
has also been proposed as a reason for the ad- cross-section is larger than that in the hyperplasia
prone portion of the standard end-to-side anastomosis.vantageous influence of vein interposition on pat-
ency.33 All these factors may influence compliance. Since no significant difference between the maximal
compliance of the Linton patch and the Miller cuffSome doubt has been raised by Norberto et al. as to
whether compliance mismatch stimulates neointimal could be established and both anastomotic con-
figurations exhibited a proximal shift of maximal com-hyperplasia.34 Their model demonstrates that the
amount of transmitted kinetic energy, (dispersable by pliance, it is not possible to determine whether the
compliance profile of the Miller cuff or Linton patcha compliant cuff, nondispersable by a noncompliant
cuff) to the indigenous artery does not influence the is superior. Therefore, though there is higher maximal
compliance mismatch in the Miller cuff and Lintondegree of intimal hyperplasia. However, since para-
anastomotic hypercompliance distal to the suture line patch than in the standard end-to-side anastomosis,
hyperplasia in the anastomoses with vein cuff in-was not eliminated, this form of local compliance
mismatch still may play a role in neointimal hy- terposition may take longer to cause reocclusion, or
reach a maximum without causing obstruction.perplasia. Results contradictory to those of Norberto
et al.34 have been reported by Trubel et al., who have Though vein cuff interposition certainly increases
patency rates, there is considerable room for im-demonstrated that external stiffening of vein grafts
leads to enhanced distal anastomotic intimal hy- provement. Myointimal hyperplasia in the PTFE graft–
vein cuff–artery constellation occurs at the PTFEperplasia.27 To avoid increased compliance mismatch,
this group suggests that an external stiffening mesh graft–vein cuff interface,33,36 where the almost non-
compliant graft is attached to the more compliant veintube not be brought close to the distal anastomotic
area. cuff. Here, compliance mismatch is greatest. Ma-
nipulating the compliance at this site may result inThe method employed to measure compliance in
this investigation incorporates a diameter change in improved patency rates.
one plane of the vessel or anastomosis. Since the
apparatus employed only allowed measurement in
one plane, a plane perpendicular to blood flow and Acknowledgements
the anastomosed graft was chosen to include as many
of the composite parts of the anastomosis as possible. This work was supported by a Deutsche Forschungsgemeinschaft
research grant, Gerhard-Hess-Program (schm 629/2-3) and theOtherwise, compliance measurement would have been
Fraunhofer Institute for Integrated Circuits, Erlangen, Germany.more restricted to the arterial part of the anastomosis.
Preliminary experiments in our laboratory have shown
that considerable deviation is registered when meas-
uring diameter changes in different planes of com- References
posite anastomoses, which is highly dependent on the
1 Rutherford RB, Jones DN, Bergentz SE et al. Factors affectinganastomotic geometry and the material being meas-
the patency of infrainguinal bypass. J Vasc Surg 1988; 8: 236–246.ured. In comparison, the vascular compliance of an
2 Abbott WM, Megerman J, Hasson JE, L’Italien, Warnock
intact artery in different planes shows a relatively DF. Effect of compliance mismatch on vascular graft patency. J
Vasc Surg 1987; 5: 376–382.small coefficient of variance (approximately 12%).35
3 Ballyk PD, Walsh C, Butany J, Ojha M. Compliance mismatchAdditionally, caution is prudent when comparing the
may promote graft-artery intimal hyperplasia by altering suture-
three anastomoses measured in this study, since their line stresses. J Biomech 1998; 31: 229–237.
4 Hasson JE, Megerman J, Abbott WM. Increased compliancecross-sectional geometries in the anastomotic area dif-
near vascular anastomoses. J Vasc Surg 1985; 2: 419–423.fer greatly.
5 Birukov KG, Shirinsky VP, Stepanova OV et al. Stretch affects
Keeping the limitations of the single plane measure- phenotype and proliferation of vascular smooth muscle cells.
Mol Cell Biochem 1995 23; 144: 131–139.ment and the different geometrical configurations in
Eur J Vasc Endovasc Surg Vol 21, May 2001
D. Piorko et al.466
6 Li Q, Muragaki Y, Ueno H, Ooshima A. Stretch-induced pro- 21 Schmitz-Rixen T, Seifert B, Kirv E, Erasmi H. Compliance
arteriosklerotischer Gefa¨ße (The compliance of arterioscleroticliferation of cultured vascular smooth muscle cells and a possible
blood vessels). Vasa Suppl 1991; 32: S370–S373.involvement of local renin-angiotensin system and platelet-de-
22 Kidson IG. The effect of wall mechanical properties on patencyrived growth factor (PDGF). Hypertens Res 1997; 20: 217–223.
of arterial grafts. Ann R Coll Surg Engl 1983; 65: 24–29.7 Sumpio BE, Banes AJ, Link WG, Johnson G. Enhanced collagen
23 Sottiurai VS. Distal anastomotic intimal hyperplasia: histo-production by smooth muscle cells during repetitive mechanical
cytomorphology, pathophysiology, etiology, and prevention. Intstretching. Arch Surg 1988; 123: 1233–1236.
J Angiol 1999; 8: 1–10.8 Hasson JE, Megerman J, Abbott WM. Suture technique and
24 Miller RG, Jr. Simultaneous Statistical Inference, Springer-Ver-para-anastomotic compliance. J Vasc Surg 1986; 3: 591–598.
lag 1981; New York, Heidelberg, Berlin.9 Megerman J, Hamilton G, Schmitz-Rixen T, Abbott WM.
25 Pevec WC, L’Italien GJ, Megerman J, Cambria RP, AbbottCompliance of vascular anastomoses with polybutester and poly-
WM. Abnormal wall strain at distal end-to-side anastomoses.propylene sutures. J Vasc Surg 1993; 18: 827–834.
Ann Vasc Surg 1993; 7: 14–20.10 Baumgartner N, Dobrin PB, Morasch M, Dong QS, Mrkvicka
26 Bassiouny HS, White S, Glagov S et al. Anastomotic intimalR. Influence of suture technique and suture material selection
hyperplasia: mechanical injury or flow induced. J Vasc Surg 1992;on the mechanics of end-to-end and end-to-side anastomoses. J
15: 708–716.Thorac Cardiovasc Surg 1996; 111: 1063–1072.
27 Trubel W, Moritz A, Schima H et al. Compliance and formation11 Stansby G, Knez P, Berwanger CS et al. Does vascular stapling
of distal anastomotic intimal hyperplasia in Dacron mesh tubeimprove compliance of vascular anastomoses? Vasc Surg 2001;
constricted veins used as arterial bypass grafts. ASAIO 1994; 40:35: 115–122.
M273–M278.12 Darling RC. Autogenous Saphenous Vein Bypass Grafts for
28 da Silva AF, Carpenter T, How TV, Harris PL. Stable vorticesFemoropopliteal Occlusive Disease. In: Sawyer PN, Kapplitt MJ
within vein cuffs inhibit anastomotic myointimal hyperplasia?(eds). Vascular Grafts. Appleton-Century-Crofts, New York 1978:
Eur J Vasc Endovasc Surg 1997; 14: 157–166.237–242.
29 Wijesinghe LD, Smye SW, Scott DJ. Impedance index meas-13 Tyrrell MR, Chester JF, Vipond MN et al. Experimental evi- urements of in vitro PTFE end-to-side anastomoses: effect ofdence to support the use of interposition vein collars/patches angle and Miller-cuff. Eur J Vasc Endovasc Surg 1998; 16: 65–70.in distal PTFE anastomoses. Eur J Vasc Surg 1990; 4: 95–101. 30 Suggs WD, Henriques HF, DePalma RG. Vein cuff interposition14 Tyrrell MR, Rampling MW, Wolfe JH, Chester JF, Taylor prevents juxta-anastomotic neointimal hyperplasia. Ann Surg
RS. PTFE, collars, and patches. J Invest Surg 1992; 5: 25–34. 1988; 207: 717–723.
15 Stonebridge PA, Prescott RJ, Ruckley CV. Randomized trial 31 How TV, Rowe CS, Gilling-Smith GL, Harris PL. Interposition
comparing infrainguinal polytetrafluoroethylene bypass grafting vein cuff anastomosis alters wall shear stress distribution in the
with and without vein interposition cuff at the distal anastomosis. recipient artery. J Vasc Surg 2000 31: 1008–1017.
The Joint Vascular Research Group. J Vasc Surg 1997; 26: 543–550. 32 Huynh TT, Davies MG, Trovato MJ, Svendsen E, Hagen PO.
16 Pappas PJ, Hobson RW 2nd, Meyers MG et al. Patency of Alterations in wall tension and shear stress modulate tyrosine
infrainguinal polytetrafluoroethylene bypass grafts with distal kinase signaling and wall remodeling in experimental vein grafts.
interposition vein cuffs. Cardiovasc Surg 1998; 6: 19–26. J Vasc Surg 1999; 29: 334–344.
17 Ascer E, Gennaro M, Pollina RM et al. Complementary distal 33 Kissin M, Kansal N, Pappas PJ et al. Vein interposition cuffs
arteriovenous fistula and deep vein interposition: a five-year decrease the intimal hyperplastic response of poly-
experience with a new technique to improve infrapopliteal pro- tetrafluoroethylene bypass grafts. J Vasc Surg 2000; 31: 69–83.
sthetic bypass patency. J Vasc Surg 1996; 24: 134–143. 34 Norberto JJ, Sidawy AN, Trad KS et al. The protective effect
18 Stonebridge PA, Naidu S, Colgan MP et al. Tibial and peroneal of vein cuffed anastomoses is not mechanical in origin. J Vasc
artery bypasses using polytetrafluoroethylene (PTFE) with an Surg 1995; 21: 558–566.
interposition vein cuff. J R Coll Surg Edinb 2000; 45: 17–20. 35 Knez P, Nelson K, Hakimi M, Al-Haidary J, Schmitz-Rixen
19 Linton RR, Darling RC. Autogenous saphenous vein bypass T. Ist die Messung der circumferenten Compliance in einer
grafts in femoropopliteal obliterative arterial disease. Surg 1962; Rotationsebene ausreichend? VASA 1999; Suppl 55: 34.
36 Tyrrell MR, Wolfe JH. Myointimal hyperplasia in vein collars51: 62–73.
for ePTFE grafts. Eur J Vasc Endovasc Surg 1997; 14: 33–36.20 Miller JH, Foreman RK, Ferguson L, Faris A. Interposition
vein cuff for anastomosis of prosthesis to small artery. Aust NZ
J Surg 1984; 54: 283–285. Accepted 19 February 2001
Eur J Vasc Endovasc Surg Vol 21, May 2001
